Abstract. This paper employs Fisher's model of adaptation to understand the expected fitness effect of fixing a mutation in a natural population. Fisher's model in one dimension admits a closed form solution for this expected fitness effect. A combination of different parameters, including the distribution of mutation lengths, population sizes, and the initial state that the population is in, are examined to see how they affect the expected fitness effect of state transitions. The results show that the expected fitness change due to the fixation of a mutation is always positive, regardless of the distributional shapes of mutation lengths, effective population sizes, and the initial state that the population is in. The further away the initial state of a population is from the optimal state, the slower the population returns to the optimal state. Effective population size (except when very small) has little effect on the expected fitness change due to mutation fixation. The always positive expected fitness change suggests that small populations may not necessarily be doomed due to the runaway process of fixation of deleterious mutations.
Introduction
The statistician R. Fisher [2] proposed a geometrical model to understand the nature of adaptation. The basic idea of his model can be illustrated using a simple one-dimensional system. Imagine that a trait has the optimal state at the origin, the population's current state can be represented by point A on the real coordinate line, and the distance between point A and the origin O represents the fitness of the population at state A. Mutations can occur with both magnitude and direction, which will drive the population either further away from the population optimum point O, or towards the optimum point O. One can therefore model the dynamics of mutations by tracking the movement of the population states owing to the fixation of mutations. The attractiveness of Fisher's model lies in the fact that it nicely incorporates the nonindependent nature of multiple mutations. For example, in the one-dimensional system, suppose that the population starts at state A, that is, all the individuals in the population carry the allele A. A mutation of a certain type will take the population to state B, where all the individuals in the population carry the mutated type B. Similarly, from state A a mutation of a different type will take the population to state C, where all the individuals carry the mutant type C. Compared with the original state A, both mutations are deleterious and move the population to states (B or C) that have lower fitness than the original state A. However, if both mutants appear and get fixed together, the population will have a fitness gain at state C from the original state A. Therefore, both mutations are deleterious and reduce the population fitness when fixed individually. However, the joint fixation of the two leads to a fitness gain instead-the two deleterious mutations are compensatory. Therefore, Fisher's model has built-in nonindependence, and elegantly models the nonindependent feature of mutations. Fisher's model of adaptation has been applied to study compensatory mutations by, e.g., Poon and Otto [5] , who studied the effect of compensatory mutations with respect to the number of character dimensions. They concluded that the effects of compensatory mutations become more pronounced when the number of character dimensions increases.
This paper examines the expected fitness cost of transition from one population state to another, using Fisher's model in one dimension, where closed form analytic solutions exist. It has been shown that the n-dimensional Fisher model can be reduced to two dimensions (polar coordinates), for which the marginal distributions are one-dimensional [2], and [4] . Thus the one-dimensional results here apply to the marginal distributions for the general case (n dimensions reduced to two), and are of some interest. Assuming a gamma probability distribution for the mutation magnitude, the present work derives analytically the mean fitness cost of a transition, and studies the effect of a variety of parameters, including the population size and different initial states, on the next state transition. The biological implications of the findings are discussed.
